Introduction {#H1-1-ZOI200496}
============

Sport-related concussion (SRC) is prevalent across multiple sports and can be challenging to manage clinically.^[@zoi200496r1]^ Return-to-sport (RTS) decisions are essential for ensuring safety, given that the risk of subsequent concussion is increased if an athlete returns to play prior to full clinical and neurobiological recovery.^[@zoi200496r2],[@zoi200496r3]^ Furthermore, early RTS may have negative consequences on long-term neurologic health. Findings suggest that athletes may have increased vulnerability to subsequent concussions, with subsequent increased risk of chronic symptoms, functional impairments, and possibly neurodegenerative disease.^[@zoi200496r2],[@zoi200496r4],[@zoi200496r5]^ Peripheral blood-based biomarkers present an opportunity to objectively measure proteins that may be indicative of injury severity alongside neuronal recovery. Thus, following diagnosis of SRC, blood biomarkers may allow us to identify those athletes at risk of prolonged recovery, with the aim of ensuring athletes are not only asymptomatic but also show signs of neuronal recovery when returning to sport.

SRC has a complex pathophysiology comprising multiple neurobiological effects. Candidate biomarkers of these pathophysiologic mechanisms include total tau and neurofilament light chain protein (Nf-L), microtubule-associated proteins from neurons, and glial fibrillary acidic protein (GFAP), released from astrocytes. Recent research demonstrated that elevated total tau levels in blood 6 hours postconcussion were associated with prolonged RTS in collegiate athletes.^[@zoi200496r6]^ These findings are consistent with data from professional ice hockey players, which found that elevations in total tau at 1 hour postinjury and Nf-L at 1, 12, 36, and 144 hours postinjury were associated with longer RTS time (ie, \>10 days).^[@zoi200496r7],[@zoi200496r8]^ However, not all studies support these findings, with a 2018 study reporting no significant associations between Nf-L or total tau with RTS.^[@zoi200496r9]^ Furthermore, research that investigates other classic markers of mild traumatic brain injury (mTBI), such as GFAP and ubiquitin C-terminal hydrolase-L1 (UCH-L1), which have been linked to persistent symptoms and injury severity,^[@zoi200496r10]^ is lacking in collegiate athlete populations following SRC.

The aim of this study was to assess the utility of plasma biomarkers, including total tau, Nf-L, GFAP, and UCHL-1, in discriminating RTS decisions among collegiate athletes who sustained an SRC. Current guidelines from the National Collegiate Athletics Association (NCAA) indicate that collegiate athletes will typically be asymptomatic within 14 days after an SRC.^[@zoi200496r11]^ These statistics also aligned with the median (interquartile range \[IQR\]) RTS time for the Concussion Assessment, Research, and Education (CARE) Consortium sample (whole sample, 12.9 \[8.7-20.7\] days; men, 12.2 \[8.3-19.7\] days; women, 13.7 \[9.1-23.6\] days).^[@zoi200496r12]^ Thus, 14 days was the cut point used to determine whether blood-based biomarkers could differentiate athletes with SRC who were able to RTS in less than 14 days compared with those who took 14 days or more to RTS.

Methods {#H1-2-ZOI200496}
=======

This was a multicenter, prospective diagnostic study led by the Advanced Research Core (ARC) of the NCAA--Department of Defense CARE Consortium. This study was approved by the Medical College of Wisconsin institutional review board and the Human Research Protection Office at the US Army Medical Research and Material Command. Written informed consent was obtained from all participants. The study followed the Standards for Reporting of Diagnostic Accuracy ([STARD](http://www.equator-network.org/reporting-guidelines/stard/)) reporting guideline.

Participants {#H2-1-ZOI200496}
------------

Of the CARE ARC and partial-ARC databases, 308 participants were identified as having sustained an SRC at some point during the study. Of these participants, 139 had provided a blood sample at postinjury. Of those, 12 (8.6%) had missing RTS information. Thus, the final sample included 127 participants who had sustained an SRC with both RTS information and a blood sample provided at postinjury.

Procedures {#H2-2-ZOI200496}
----------

The CARE Consortium ARC has been detailed elsewhere.^[@zoi200496r13]^ Briefly, the protocol involves preseason baseline clinical testing and blood biospecimen collection in male and female athletes competing in contact sports, including football, soccer, lacrosse, ice hockey, and rugby, at 6 participating US universities, including 2 military service academies. Concussion (or mTBI) was defined according to the consensus definition from the Department of Defense evidence-based guidelines and could include observed or documented alterations of consciousness and/or mental state (within 24 hours), less than 30 minutes of loss of consciousness (LOC), and/or posttraumatic amnesia lasting for as long as 1 day.^[@zoi200496r14]^ Alongside the preseason baseline testing, the CARE postinjury protocol included follow-up clinical testing and blood collection in athletes with concussion at 5 periods: 0 to 21 hours postinjury, 24 to 48 hours postinjury, time of symptom resolution (ie, athletes were asked to return for testing when they had been cleared to begin the RTS progression),^[@zoi200496r13]^ 7 days after unrestricted RTS, and 6 months postinjury. Because the aim of this study was to investigate change in acute plasma biomarker concentrations following injury, the 6-month postinjury period was excluded from analyses.

RTS {#H2-3-ZOI200496}
---

Current guidelines from the NCAA indicate that collegiate athletes will typically be asymptomatic within 2 weeks following an SRC.^[@zoi200496r11]^ In line with these guidelines, the median (IQR) RTS time for the entire CARE sample was 12.9 (8.7-20.7) days.^[@zoi200496r12]^ Furthermore, this point closely corresponded with the individual being asymptomatic, which was required for an RTS decision to be made. As such, we used a medium-split model to determine whether there were observable differences in peripheral blood biomarkers that could differentiate athletes with SRC who were able to RTS in less than 14 days compared with those who took more than 14 days to RTS.

Blood Collection {#H2-4-ZOI200496}
----------------

Nonfasting blood samples were collected by venipuncture at preseason baseline and at all subsequent postinjury periods that the athletes attended. A 10-mL red-top tube for plasma was collected at each period. Tubes were centrifuged within 30 minutes of collection for 15 minutes at 1500 relative centrifugal force and then aliquoted. The cryovials were stored upright in a −80 °C freezer until shipped on dry ice to the CARE Consortium biorepository at Indiana University School of Medicine for long-term storage.

Biomarker Analysis {#H2-5-ZOI200496}
------------------

Single molecular array technology (SIMOA, Quanterix Corp), located at the National Institutes of Health, was used to measure the level of all biomarkers. The use of SIMOA for protein detection maximizes sensitivity, with detection ability between 100 to 1000 times that of enzyme-linked immunosorbent assay methods.^[@zoi200496r15]^ Multiplex technology was used to simultaneously quantify UCH-L1, total tau, Nf-L, and GFAP. Assays were batched to minimize variability, with each batch run using published standard operating procedures to ensure reliability. Groups were distributed randomly across plates, and longitudinal samples from the same individual were run on the same plate to reduce potential batch effects. All samples were analyzed in duplicate. In the rare instances in which coefficients of variance (CV) exceeded 20%, samples were rerun. If either intra-assay or interassay CVs were greater than 20% for either measure, data were not used. The mean CVs for each plasma protein were the following for data included in the analyses: total tau, 7.92%; Nf-L, 4.59%; and GFAP, 3.07%. The limits of detection are as follows: total tau, 0.0146 pg/mL; Nf-L, 0.038 pg/mL; GFAP, 0.211 pg/mL; and UCH-L1, 1.05 pg/mL. For UCH-L1, approximately 42% of samples were either below the detection limit or had CVs above 20%; therefore, UCH-L1 was not reported.

Statistical Analysis {#H2-6-ZOI200496}
--------------------

Statistical analyses were performed using SPSS statistical software version 25.0 (IBM Corp). Statistically significant results were declared at the nominal significance level α = .05. Time from injury to blood draw was calculated to ensure that the draw occurred within the prescribed protocol window.

The postinjury period had the most missing data owing to late reporting or difficulties in data collection (eg, away games). However, additional analysis of those with and without missing biomarker data at the postinjury period found that the groups did not significantly differ on any demographic variables (eTable in the [Supplement](#note-ZOI200496-1-s){ref-type="supplementary-material"}).

Group comparisons of demographic characteristics and clinical outcomes were evaluated using independent-sample *t* tests for continuous variables and Fisher exact tests for categorical variables. Biomarker levels were natural log-transformed owing to the skewness of their distributions. Linear mixed models were used to evaluate changes in biomarker levels within athletes over time as a function of RTS group, with visit period modeled as a repeated factor (ie, postinjury, 24-48 hours postinjury, time of symptom resolution, and 7 days after unrestricted RTS), RTS group (ie, \<14 days and ≥14 days), the group × period interaction, and participant as random factor. All hypotheses were 2-sided, with Bonferroni adjustments applied to all post hoc pairwise comparisons.

Receiver operating characteristic curves and area under the curve (AUC) with 95% CIs were used to quantify the ability of significant biomarkers identified to discriminate between athletes with less than 14 days RTS and those with 14 days or more before RTS. Finally, we wanted to examine whether a combination of biomarkers at each period could discriminate RTS duration. Therefore, we combined all 3 plasma biomarker concentrations at each period using binomial logistic regression models.

Results {#H1-3-ZOI200496}
=======

[Table 1](#zoi200496t1){ref-type="table"} summarizes the sample characteristics for the athletes with RTS less than 14 days postinjury and those with RTS 14 days or later. Participants in this study were aged 17 to 23 years (mean \[SD\] age, 18.9 \[1.3\] years); most were men (97 \[76.4%\]) and White individuals (82 \[64.6%\]). Of the 127 athletes, the median split in RTS was at 14 days postinjury. That is, 65 (51.1%) had RTS less than 14 days and 62 (48.8%) had RTS of 14 days or more. The groups did not differ on any of the demographic variables of age, sex, race, anthropometric data, or number of prior concussions. Most athletes had no prior concussions (71 \[55.9%\]). The group that took less than 14 days before RTS had significantly higher incidence of LOC compared with the group that took 14 days or more before RTS (7 \[10.8%\] vs 0; *P* = .01) and a longer mean (SD) time participating in sport (11.3 \[4.4\] years vs 8.8 \[3.4\] years; *P* = .004). Furthermore, baseline concentrations of natural log-transformed total tau, GFAP, and NF-L levels did not significantly differ between the groups. [Table 1](#zoi200496t1){ref-type="table"} presents sample characteristics for the 2 RTS groups.

###### Demographic and Clinical Characteristics of Athletes in Each RTS Group

  Characteristic                                           No. (%) by RTS group   *P* value      
  -------------------------------------------------------- ---------------------- -------------- --------------------------------------------------
  Age, mean (SD), y                                        19.1 (1.4)             18.7 (1.2)     .19
  Men                                                      51 (78.5)              46 (74.2)      .57
  Height, mean (SD), cm                                    179.6 (9.7)            178.6 (12.2)   .57
  Weight, mean (SD), kg                                    84.3 (19.2)            82.9 (21.5)    .71
  Duration of sport participation, mean (SD), y            11.31 (4.4)            8.8 (3.4)      .004
  Race                                                                                           
  White                                                    43 (66.2)              39 (62.9)      .55
  African American                                         12 (18.5)              12 (19.4)      
  Asian                                                    3 (4.6)                5 (8.1)        
  Hawaiian or Pacific Islander                             0                      2 (3.2)        
  Multiple                                                 6 (9.2)                4 (6.5)        
  Unknown or not reported                                  1 (1.5)                0              
  Ethnicity                                                                                      
  Non-Hispanic                                             54 (83.1)              55 (88.7)      .63
  Hispanic                                                 4 (6.2)                2 (3.2)        
  Unknown or not reported                                  7 (10.8)               5 (8.1)        
  With ADHD                                                6 (9.2)                1 (1.6)        .12[^a^](#zoi200496t1n1){ref-type="table-fn"}
  Sport                                                                                          
  Football                                                 24 (43.6)              22 (53.7)      .11
  Ice hockey                                               4 (7.3)                0              
  Lacrosse                                                 3 (5.5)                3 (7.3)        
  Rugby                                                    5 (9.1)                3 (7.3)        
  Soccer                                                   14 (25.5)              5 (12.2)       
  Other                                                    5 (9.1)                8 (17.0)       
  PTA                                                      12 (18.5)              12 (19.4)      .90
  LOC, yes                                                 7 (10.8)               0              .01[^a^](#zoi200496t1n1){ref-type="table-fn"}
  No. of prior concussions                                                                       
  0                                                        32 (50.0)              39 (63.9)      .13
  1                                                        23 (35.9)              20 (32.8)      
  2                                                        7 (10.9)               2 (3.3)        
  ≥3                                                       2 (3.1)                0              
  Time to symptom resolution, median (IQR), d              4.0 (3.4)              11.9 (6.9)     \<.001[^b^](#zoi200496t1n2){ref-type="table-fn"}
  Baseline biomarker concentrations, mean (SD), LN pg/mL                                         
  Total tau                                                −0.2 (0.6)             −0.2 (0.8)     .85
  GFAP                                                     4.1 (0.4)              4.0 (0.4)      .43
  Nf-L                                                     1.8 (0.5)              1.6 (0.5)      .06

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; GFAP, glial fibrillary acidic protein; IQR, interquartile range; LN, natural log-transformation; LOC, loss of consciousness; Nf-L, neurofilament light chain protein; PTA, posttraumatic amnesia; RTS, return to sport.

Result from 2-tailed Fisher exact test.

Result from nonparametric Mann-Whitney *U* test.

RTS Biomarkers {#H2-7-ZOI200496}
--------------

Linear mixed models identified significant associations for both mean (SE) plasma total tau (24-48 hours postinjury, \<14 days RTS vs ≥14 days RTS: −0.65 \[0.12\] pg/mL vs −0.14 \[0.14\] pg/mL; *P* = .008) and GFAP (postinjury, 14 days RTS vs ≥14 days RTS: 4.72 \[0.12\] pg/mL vs 4.39 \[0.11\] pg/mL; *P* = .04). For total tau, there was a significant interaction between period and RTS group (*F*~2.4,\ 128.2~ = 3.66; *P* = .02; *n~p~^2^* = 0.065). Bonferroni-adjusted pairwise post hoc comparisons revealed that at both 24 to 48 hours postinjury and at the time of symptom resolution, the group that took 14 days or more to RTS had higher total tau concentrations than the group that took less than 14 days to RTS ([Table 2](#zoi200496t2){ref-type="table"}). For GFAP, there was a significant interaction between period and RTS groups (*F*~1.5,\ 117.8~ = 3.48; *P* = .04; *n~p~^2^* = 0.043). Pairwise post hoc comparisons indicated that the group that took 14 days or more to RTS had significantly lower concentrations of GFAP than the group that took less than 14 days at the postinjury period ([Table 2](#zoi200496t2){ref-type="table"}). There was also a significant interaction between period and RTS groups (*F*~1.9,\ 144.0~ = 3.34; *P* = .04; *n~p~^2^* = 0.042) for Nf-L. However, pairwise post hoc comparisons revealed no significant associations after Bonferroni adjustment ([Table 2](#zoi200496t2){ref-type="table"}).

###### Pairwise Post Hoc Comparisons of Biomarker Concentrations Between Athletes Who Had Sustained a Sport-Related Concussion, by RTS Group[^a^](#zoi200496t2n1){ref-type="table-fn"}

  Biomarker                    Level, mean (SE), by RTS group, pg/mL   *P* value      Mean difference (95% CI)   
  ---------------------------- --------------------------------------- -------------- -------------------------- ------------------------
  Total tau                                                                                                      
  Participants, No.            31                                      24             NA                         NA
  Postinjury                   −0.06 (0.13)                            0.24 (0.14)    .12                        −0.29 (−0.68 to 0.08)
  24-48 h postinjury           −0.65 (0.12)                            −0.14 (0.14)   .008                       −0.51 (−0.88 to −0.14)
  Time of symptom resolution   −0.54 (0.12)                            0.17 (0.14)    \<.001                     −0.71 (−1.09 to −0.34)
  7 d after unrestricted RTS   −0.30 (0.11)                            −0.13 (0.12)   .31                        −0.17 (−0.50 to 0.16)
  GFAP                                                                                                           
  Participants, No.            37                                      42             NA                         NA
  Postinjury                   4.72 (0.12)                             4.39 (0.11)    .04                        0.33 (0.01 to 0.65)
  24-48 h postinjury           4.37 (0.09)                             4.28 (0.08)    .45                        0.09 (−0.15 to 0.32)
  Time of symptom resolution   4.26 (0.06)                             4.21 (0.06)    .59                        0.04 (−0.12 to 0.21)
  7 d after unrestricted RTS   4.27 (0.07)                             4.16 (0.06)    .23                        0.11 (−0.07 to 0.29)
  Nf-L                                                                                                           
  Participants, No.            36                                      42             NA                         NA
  Postinjury                   1.97 (0.07)                             1.92 (0.07)    .59                        0.05 (−0.14 to 0.25)
  24-48 h postinjury           1.89 (0.07)                             1.87 (0.06)    .81                        0.02 (−0.16 to 0.21)
  Time of symptom resolution   1.98 (0.08)                             1.83 (0.07)    .17                        0.15 (−0.07 to 0.37)
  7 d after unrestricted RTS   2.05 (0.09)                             1.85 (0.08)    .09                        0.20 (−0.03 to 0.44)

Abbreviations: GFAP, glial fibrillary acidic protein; NA, not applicable; Nf-L, neurofilament light chain protein; RTS, return to sport.

All variables have been natural log--transformed and the *P* values and 95% CIs of the difference have been adjusted for multiple comparisons using Bonferroni adjustment.

We then conducted receiver operating characteristic curve analysis to examine whether the biomarkers and periods identified as significant could discriminate between athletes with 14 days or more before RTS from those with less than 14 days before RTS. The analysis indicated that total tau at the period of symptom resolution had acceptable^[@zoi200496r16]^ discrimination power (AUC, 0.75; 95% CI, 0.63-0.86; *P* \< .001) ([Table 3](#zoi200496t3){ref-type="table"}).

###### Receiver Operating Characteristic Curve Results

  Variable[^a^](#zoi200496t3n1){ref-type="table-fn"}   AUC (SE) \[95% CI\]         *P* value   Cut point   Sensitivity   Specificity   PPV    NPV
  ---------------------------------------------------- --------------------------- ----------- ----------- ------------- ------------- ------ ------
  Tau                                                                                                                                         
  24-48 h postinjury                                   0.66 (0.06) \[0.53-0.78\]   .02         −0.72       0.82          0.49          0.65   0.72
  Time of symptom resolution                           0.75 (0.06) \[0.63-0.86\]   \<.001      −0.41       0.79          0.51          0.63   0.68
  GFAP, postinjury                                     0.40 (0.07) \[0.27-0.54\]   .15         4.26        0.66          0.63          0.53   0.51

Abbreviations: AUC, area under the receiver operating characteristic curve; GFAP, glial fibrillary acidic protein; NPV, negative predictive value; PPV, positive predictive value.

All variables have been natural log--transformed.

We also examined how well a combined biomarker panel, which incorporated Nf-L, GFAP, and total tau at each period, discriminated between athletes with 14 days or more before RTS vs those with less than 14 days before RTS. At postinjury, no single biomarker significantly discriminated between the groups when examined individually. However, when the biomarkers were combined, they reached significance, but were poor^[@zoi200496r16]^ at distinguishing the groups (AUC, 0.63; 95% CI, 0.53-0.73; *P* = .02). At 24 to 48 hours postinjury, total tau individually was significant but had a low AUC (AUC, 0.65; 95% CI, 0.53-0.78; *P* = .02). The combination of all 3 plasma biomarkers added little to the prognostic ability of total tau individually at the 24 to 48 hours postinjury period (AUC, 0.67; 95% CI, 0.55-0.79; *P* = .01). A similar pattern was observed at the period of symptom resolution, with total tau once again being significant and able to discriminate between the RTS groups. The combination of biomarkers was also significant but added little to the prognostic ability of the model (AUC, 0.67; 95% CI, 0.57-0.77; *P* = .002).

Discussion {#H1-4-ZOI200496}
==========

Clinical management of SRC is challenging and further complicated by the lack of objective prognostic indicators to help inform clinical decisions, particularly for athletes who may be at risk of prolonged recovery. In this study, we examined the utility of blood biomarkers that may be associated with RTS decisions in 127 NCAA male and female student-athletes who sustained an SRC during sport participation. We found that athletes with less than 14 days before RTS had significantly higher total tau at the 24 to 48 hour period and at time of symptom resolution as well as significantly lower GFAP postinjury. Total tau was fair at discriminating those with 14 days or more before RTS vs those with less than 14 days before RTS, especially at the time of symptom resolution. Contrary to prior studies,^[@zoi200496r7],[@zoi200496r8]^ Nf-L was not significantly associated with RTS decisions.

Our results indicate that athletes with 14 days or more before RTS had higher total tau at the 24 to 48 hour period, which remained elevated even when players reported being clinically asymptomatic. This result is consistent with prior studies, which have found that higher concentrations of total tau are associated with a longer RTS time after SRC in collegiate and professional athletes.^[@zoi200496r6],[@zoi200496r8]^ While the 2 RTS groups in the current study did not differ significantly on the number of prior concussions sustained, more research is needed to identify whether there are any long-term effects of these short-term spikes in total tau that might alter the regulation mechanisms of tau; eg, the glymphatic system^[@zoi200496r17]^ or subsequent vulnerability to dysregulation of tau and hyperphosphorylation.^[@zoi200496r18],[@zoi200496r19]^

In contrast to the tau findings, levels of GFAP at the postinjury period were lower in athletes with SRC who took 14 days or more before RTS compared with those who took less than 14 days before RTS. These results are counterintuitive, given that they are in contrast with prior studies in civilian patients with mTBI. A possible explanation for the difference in our findings may be that civilian mTBI studies often include patients with a more severe gradient of injury, even within the mild classification, such as patients with evidence of structural brain injury on head computed tomography. For example, higher GFAP levels acutely following an mTBI are associated with having lesions detected by both computed tomography and magnetic resonance imaging^[@zoi200496r20]^ and by identifying athletes with an SRC compared with controls with no injuries.^[@zoi200496r21]^ Indeed, our group has previously reported that higher GFAP concentrations were associated with SRCs with LOC.^[@zoi200496r22]^ Therefore, these results may actually support the association, given that the group with less than 14 days before RTS did report significantly higher incidence of LOC ([Table 1](#zoi200496t1){ref-type="table"}). Alternatively, it may be that any increase in GFAP following the injury, potentially after the 48-hour sampling frame, may have been missed due to the timing of the blood samples.^[@zoi200496r23],[@zoi200496r24]^ Whatever the cause of this finding, it is evident that research to better understand the release kinetics and significance of perturbations to the normally expected temporal profile of GFAP is warranted, particularly if this marker is to be considered as a guide to treatment options related to SRC.

Nf-L levels did not discriminate RTS duration in this cohort. Elevated levels of Nf-L are believed to reflect axonal damage due to injury or degeneration, which is a possible determinant of outcomes following concussions.^[@zoi200496r25],[@zoi200496r26],[@zoi200496r27]^ Our findings expand on a previous study^[@zoi200496r9]^ that reported no significant difference in plasma Nf-L levels at 6 and 14 days post-SRC relative to their baseline concentrations in a cohort of US football and hockey college athletes. However, prior studies have found that plasma Nf-L concentrations at 1, 12, 36, and 144 hours after SRC could discriminate players with more than 10 days before RTS from those with 10 days or less before RTS in professional hockey players.^[@zoi200496r8]^ Disparities in these findings might result from cohort differences in age and previous concussion history. College-aged cohorts tend to be younger than professional athletes, which might result in differential responses to trauma. Moreover, professional players may have been exposed to a larger number of concussions and repetitive head impact exposures during the course of the season or their careers compared with college athletes. Accordingly, Nf-L has been linked to repetitive concussive impacts in contact-sport athletes.^[@zoi200496r7],[@zoi200496r25],[@zoi200496r28]^ Indeed, our laboratory has previously observed that plasma Nf-L concentrations were elevated in military personnel who had sustained repetitive TBIs compared with those with 1 or 2 TBIs, but no differences were observed between control and TBI groups.^[@zoi200496r29]^ Despite recent progress in SRCs, the prognostic value of Nf-L is yet to be fully ascertained. We hypothesize that Nf-L has limited sensitivity in milder cases of SRC and may become more evident as the number of SRCs sustained increases. Indeed, in this cohort, most participants (55.9%) reported having no prior concussions. Future studies should further evaluate the potential of Nf-L in mTBI patients, and it may be worthwhile to monitor Nf-L longitudinally across athletic careers.

Limitations {#H2-8-ZOI200496}
-----------

Although this article uses data from, to our knowledge, the largest prospective sample of SRC in athletes to date, there are a number of limitations to note. Specifically, from the larger CARE Consortium pool of participants, our sample included a relatively small number of athletes who sustained an SRC with complete data on RTS and blood biomarkers. As such, the findings may not generalize to the wider collegiate community. However, the CARE Consortium study is ongoing, and we anticipate that we will be able to continue to gather a more representative sample to replicate and extend this work. Furthermore, because of the nature of the injury itself (occurring at any time of day), alongside participant schedules, we were unable to standardize the time of biomarker collection at each of the periods. Therefore, we were unable to rule out the influence of circadian timing on variations in biomarkers. There is no research to suggest that plasma concentrations of total tau, GFAP, or Nf-L show a diurnal pattern in humans; however, a relationship between sleep-wake disturbances and tau accumulation has been reported.^[@zoi200496r30],[@zoi200496r31]^ Future studies, which account for sleep-wake patterns pre-injury and postinjury as well as before blood sampling present an intriguing and growing line of investigation. We were also unable to determine whether the changes in the biomarkers observed were owing to central or peripheral mechanisms. Future work will determine the relationship between the selected biomarkers and more direct measures of neuropathology (ie, neuroimaging). RTS is an outcome affected by several extraneous variables, including symptom recovery time and clinical management practices at each institution. In line with this, it was noted that the group that took less than 14 days to RTS had significantly more years of sports participation than those who took 14 or more days to RTS. One rationale for this difference is that more years of sports participation results in players having a better understanding of when they are fit to RTS. However, the number of prior concussions did not differ. As such, it may also be that players with more years of sporting participation feel more compelled or more pressure to RTS earlier. Further research into the individual psychological determinants of RTS may be needed to elucidate these findings further. This investigation is a first step in the process of identifying biomarkers that are associated with duration of recovery; however, it is evident that the need for continued longitudinal tracking of these athletes, including blood biomarkers alongside clinical outcomes, remains.

Conclusions {#H1-5-ZOI200496}
===========

Biomarkers that are associated with duration of recovery after SRC are needed to improve the clinical management of concussion. In this study, higher total tau concentrations at 24 to 48 hours postinjury and at the time of symptom resolution and lower GFAP concentrations at the postinjury period were associated with protracted RTS (ie, ≥14 days) in male and female collegiate athletes following SRC. Although preliminary, the current results highlight the potential role of biomarkers in tracking neuronal recovery, which may be associated with duration of RTS. Continued longitudinal tracking of this cohort is underway. We will continue to explore this association between biomarkers and their ability to track recovery in male and female athletes following SRC.

###### 

**eTable.** Demographic Characteristics of Participants With and Without Missing Biomarker Data at the Postinjury Period

###### 

Click here for additional data file.
